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Motor Stimulation with Interferential Currents
The stimulation of motor nerves to produce
muscle contraction in normally innervated mus~
cles is a long established part of orthodox
physiotherapy. Recently however, a revival of
interest in the area has occurred, particularly in
the U.S.A. Recent research has indicated that
such stimulation can improve muscle strength,
reduce muscle spasm and modulate spasticity,
in addition to the more usual re~educative role
of electrical stimulation. The concept of func-
tional electrical stimulation (F.E.S.) seems des-
tined to become an integral part of many pro-
grammes for the neurologically handicapped
patient.
This paper describes the technique of motor
stimulation using interferential currents. The
stimulating parameters and electrode place-
ment are considered, along with a detailed ex~
planation of the pre-modulated system of elec~
trode arrangement.
GIOVANNI G. DE DOMENICO
Giovanni De Domenico, M.Sc., M.C.S.P., Dip. T.P., is
a Senior Lecturer in the School of Physiotherapy,
Western Australian Institute of Technology
GEOFFREY R. STRAUSS
Geoffrey Strauss, M.P.E., is a Lecturer in the School
of Physiotherapy, Western Australian Institute of
Technology.
This paper stems from an on-going research pro-
gramme on muscle stimulation which is being under
taken in the Centre for Applied Research in Exercise
Science and Rehabilitation at the Western Australian
Institute of Technology.
Interferential currents have been
widely used in clinical practice, to treat
a number of pathological and trau~
matic conditions for over thirty five
years. Conditions successfully treated
by interferential currents include trau-
matic and orthopaedic problems
(Nikolova-Troeva 1967a, 1967b, 1969,
Ganne et af 1979, Nelson 1981, Quirk
et a/ 1985), circulatory problems
(Nikolova-Troeva 1968) and stress in-
continence, (McQuire 1975, Dougall
1985). However until recently, the role
of this type of current in producing a
controlled, comfortable and strong
muscle contraction, has been largely
ignored. This situation has arisen be-
cause of technical limitations with the
equipment, rather than any inherent
problem with this particular type of
transcutaneous electrical nerve stimu-
lation (TENS). The basic concept of
the interferential stimulus has been de-
scribed elsewhere and will not be dis-
cussed in further detail here (Ward
1982, Savage 1983, Wadsworth and
Chanmugan 1983, De Domenico 1985).
Recent reports indicate that electro-
motor stimulation (E.M.S.) can pro-
duce high levels of muscle torque (Ow-
ens and Malone 1983, Kramer et af
1984, Walmsley.. Letts and Vooys
1984). Additionally, such stimulation
can be used to achieve considerable
gains in muscle strength and endurance
(Romero et af 1981, Kramer 1982,
Laughman et a/ 1983, Lainey 1983,
Selkowitz 1985). A variety of types of
electrical currents were used in the
studies cited above, in some cases in-
cluding the interferential stimulus and
therefore these findings are relevant to
the clinical use of interferential cur-
rents. Muscle torques in excess of 50
per cent of maximum voluntary con-
traction have been achieved using in-
terferential currents (Walmsley, Letts
and Vooys 1984) and there seems every
reason to expect that this type of stimu-
lation is capable of producing com-
parable clinical results to other types
of stimulation. Indeed in some areas it
may exceed these.
Electrostimulation has also become
established in the treatment of the neu-
rologically handicapped patient, where
the concept of functional electrical
stimulation is well documented. In ad-
dition, E.M.S. has been shown to be
of value in the management of spas-
ticity (Liberson 1965, Baker et a/ 1979,
Alfieri 1982, Vodovnik, and Bowman
and Hufford 1984, Vodovnik, Bow-
man and Winchester 1984).
Technical Considerations
The classic interferential stimulus us-
ing four electrodes, arranged in two
diagonal circuits, is not suitable for this
type of application except perhaps for
some of the larger muscle groups such
as the quadriceps femoris. Even here
this method does not achieve an ac-
curate stimulation of the desired mus-
cles. The main reason for this limita-
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tion lies in the great difficulty in
localizing the stimulus to ,:the desired
muscle. 'rhis is particularly the case
with the muscles of the forearm and
leg. In this case, individual contraction
of isolated muscles is impossible. It is
perhaps for this reason that interfer-
ential currents have not been used very
frequently for specific motor stimula-
tion. However an alternative technique
is available which produces an ex-
tremely strong and comfortable muscle
contraction. Strictly speaking, this
technique is not a 'true' interferential
current, since it requires only two elec-
trodes to form a single circuit.
The technique in question is the so-
called 'pre-mixed', or pre-modulated
mode, often incorrectly called the bi-
polar application: however, since the
output is still an evenly alternating cur-
rent, the concept of polarity is not rel-
evant to this application. The tech-
nique should not be confused with the
little used 'impulse' current because this
is an amplitude modulated, medium
frequency, direct current and as such
is unsuitable for the purpose of pro-
ducing a controlled muscle contrac-
tion. In fact, the 'impulse' current is
a true bi-polar technique, since it is a
direct current.
Pre-Modulated Outputs
The concept of a pre-modulated
technique requires that the two cur-
rents are 'mixed' inside or outside the
machine, instead of in the patient's
tissues. Strictly speaking this is not a
true interferential stimulus, since the
interferential 'envelopes' are delivered
to the skin, instead of being produced
under the skin, in the tissues. Despite
this apparent disadvantage, the pre-
modulated mode produces an ex-
tremely comfortable and strong muscle
contraction. This mode of output is
available on some interferential unit~,
simply by pushing a button and using
one of the two patient circuits. On
units where this facility is not provided
it is still possible to achieve the effect
by 'mixing' the two currents outside of
INTERFERENTIAL
Figure 1: External 'mixing' of the two
circuits to produce a pre-modulated
output.
One lead and electrode from each ci r-
cuit are applied to the patient. The other
two leads are then connected together.
In most cases it does not matter which
lead from each circuit is taken to the
patient (see text for details).
the machine, before delivering the
stimulus to the patient. External mix-
ing may be achieved simply by con-
necting one lead and electrode from
each circuit to the patient. The re-
maining two leads need to be connected
together in some way. This may require
an additional connecting socket or
plug. Figure 1 represents this concept.
The system may be tested by the
physiotherapist holding the two elec-
trodes in one hand, ensuring that they
do not touch each other; a constant
beat frequency of 2 Hz should then be
selected. If the circuits have been cor-
rectly connected, the therapist should
feel a definite 'pulsing' of the stimulus
at a rate of 2 Hz when the intensity is
increased. If a constant tingling is felt
by the therapist, then the connections
should be re-checked. It may be wise
to have the system checked by an ap-
propriate biomedical engineer if the
equipment is old or if problems are
experienced. Connections of the two
un-used leads may be achieved in a
variety of ways. Figure 2 illustrates
three simple techniques.
The electrodes of choice for motor
stimulation are of the plate (carbonized
rubber) and sponge variety. Small elec-
trodes should be used for stimulating
small muscles and larger electrodes used
for large muscles. Stimulation of small
individual muscles can also be achieved
using a probe electrode. These are often
available as an optional extra from the
manufacturer. Suction cup electrodes
are not generally recommended for this
type of application, since they tend to
fall off as stronger levels of contraction
c
)
Figure 2: Three simple methods of con-
necting one of the two circuits in the
pre-modulated technique.
In (a) a simple connecting lead con-
sisting of two 4mm plugs and lead is
used between the two cables. In (b) a
similar concept is used except that the
plugs are replaced by 4mm line sock-
ets. In (c) an alternative technique al-
lows the two electrodes to be placed
in a single wet sponge jacket; this
should then be placed in a plastic bag
and put in a convenient location. It is
important that a firm contact be made
between these two electrodes. Alter-
natively, the two electrodes maybe
placed in separate wet envelopes and
then placed together in a small plastic
bag.
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develop in the muscle. This is partic-
ularly the case when large ranges of
joint motion occur.
Stimulus Parameters
A muscle contraction can be pro-
duced at any beat frequency within the
biological range and well beyond. In-
deed, it is even possible to produce
muscle contraction at the medium fre-
quency level of up to four or five thou-
sand Hz and above. It is simply a ques-
tion of increasing the intensity to a
sufficient level. However, a lower beat
frequency range of approximately 40
to 80 Hz is optimal to achieve a tetanic
contraction. This may be best achieved
as a fast, rhythmical sweep, although
any constant frequency within this
range may be used. Isolated twitch con-
tractions may be achieved at beat fre-
quencies of less than 5 Hz. The range
of 40 to 80 Hz, should be varied for
each muscle stimulated in order t.o find
the frequency which gives the strongest
and most comfortable contraction for
the patient. Starting at about 40 Hz
the frequency should be slowly in-
creased through the range and well be-
yond 80 Hz for some muscles. A fre-
quency of 90 or 100Hz or more is
suitable if the patient indicates in-
creased comfort whilst maintaining a
strong contraction. However, in most
cases a beat frequency in the range of
40 to 80 Hz will produce the best result.
A beat frequency range of 40 to 80
Hz will produce a tetanic contraction
which must be surged 'on' and 'off'
in order to produce a more functional
type of muscle contraction. Unfortu-
nately only a few interferential gener-
ators have a built in surging facility.
In spite of this fact, it is still possible
to produce a strong, intermittent mus-
cle contraction.
Manual Surging
At its simplest level, manual surging
may be achieved by the physiotherapist
increasing and decreasing the intensity.
The strength of the muscle contraction
will vary as the intensity is increased
and the contraction will be held for as
long as the intensity is kept at a par-
ticular level. Thus the 'on' and 'off'
times are determined by the therapist.
This method of surging is inconvenient
for most applications, particularly if
large numbers of contractions are re-
quired. However, it has the enormous
advantage that each contraction can be
carefully controlled by the physiothera-
pist. This may be a significant advan-
tage when stimulating muscles in the
neurologically handicapped patient. In
such cases, it is important for the con-
traction to develop slowly and to avoid
any unwanted stimulation of spastic
muscle groups.
A different type of manual surge
may be produced by the addition of a
rocker switch or button in one of the
patient output cables. In this case the
switch is put into the 'on' position and
the intensity level is then increased to
produce a contraction at the desired
level. Once this has been achieved, the
switch is turned off and the contraction
disappears. Each time the switch is
turned 'on', the target muscle will con-
tract, the contraction lasting until the
switch is turned off. In this technique,
the patient may be taught to control
the switch since the maximum intensity
level is set by the therapist. The main
advantage of this technique lies with
the flexibility of control over the 'on'
and 'off' times. The major disadvan-
tage however, is the sudden increase
and decrease of the contraction. If the
contraction is very strong, it will pro-
duce a large range of joint motion.
This may be a problem if the limb is
allowed to move rapidly through an
uncontrolled range. It may also be un-
comfortable or painful. Figure 3 illus-
trates the concept of a switched manual
surge. Some manufacturers produce a
manual surge button which may be
connected to the interferential unit to
perform the same function.
Automatic Surging
A few interferential units have the
capacity to automatically surge the out-
put for muscle contraction. This may
INTERFERENTI Al
GENERATOR
Figure 3: The basic system for a
switched manually surged muscle con-
traction.
The two-way rocker switch may be wired
into either of the patient cables. Indeed,
it may be left in one lead as a perma-
nent fixture if required. It should be
switched to the 'on' position for all nor-
mal applications.
be achieved in two basic ways: the first
and preferred method provides inde-
pendent setting of the 'on' and 'off'
times, while the second method uses a
single control which adjusts both 'on'
and 'off' times simultaneously. The ra-
tio between these two variables is usu-
ally 1: 1. As with the manually switched
system, it is possible to use a surging
control device which is interposed in
the circuit between the machine and
the patient. At the present time, such
devices are not readily available, how-
ever it is anticipated that these types
of surging control will eventually be
available to fit most machines.
Control of the Rise Time
The time taken for the current in-
tensity to rise to its highest level during
each surge is known as the rise time.
It is an important variable when treat-
ing the neurologically handicapped pa-
tient. In this case, the contraction rise
time must be slow enough to avoid
stimulation of any nearby spastic mus-
cle groups. The rise time may be con-
trolled manually by slowly increasing
the intensity level, or by inserting a
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Figure 4: A variable switched poten-
tiometer for manual control of the rise
time and intensity.
The potentiometer used in this case
had a value of 1000 ohms. The poten-
tiometer is mounted in a plastic cylin-
der in such a way that the cylinder may
be held in one hand whilst the cQl1trol
knob is turned in a clockwise direction
to increase the output. The basic circuit
diagram of this device is shown in the
inset diagram. The output from the ma-
chine is fed across the fixed resistance
of the potentiometer. The patient is then
wired in parallel to thIs circuit with both
leads switched. This allows on/off po-
sition and zero potential, followed by a
gradually increasing intensity to a pre-
set maximum. The inset diagram gives
details of the connections of the po-
tentiometer and switches. The output
from the stimulator may be switched
off at the zero end of the range.
switched potentiometer into the patient
circuit leads when using the pre-mod-
ulated application. This system allows
the therapist to gain absolute control
of the rise time for each stimulation of
the patient. It has the disadvantage
however of not allowing automatic
surging after the desired rise time has
been achieved. The system is therefore
entirely manual. This concept is shown
in Figure 4. The value of the poten-
tiometer used with any given machine
may be variable and the reader should
seek advice from the relevent servicing
department or biomedical engineer.
Electrode Placement
The placement of electrodes to
achieve a motor response using inter-
ferential currents is largely a matter of
trial and error. The basic concept is
that the electrode position which gives
the best response is the one that should
be used. Within this general frame-
work, two approaches are clearly in-
dicated. Firstly, if individual stimula-
tion of small muscles is required, eg
the facial muscles, muscles of the fore-
arm, hand, leg or foot, then a modified
'faradic approach' is indicated. This
will involve one of the two electrodes
being at least three times larger than
the other. This electrode should ideally
be placed on or close to the nerve trunk
supplying the muscles to be stimulated.
If this is not possible, a suitable alter-
native is to place the electrode over the
appropriate spinal nerve root(s). The
other electrode should be regarded as
the active or stimulating electrode and
may be of the 'probe' or 'button' va-
riety. It should be used to stimulate
the muscle required by locating the ap-
propriate motor points. Figure 5 illus-
trates this concept for stimulation of
the extensor indicis muscle in the fo-
rearm.
The second method of application is
used to stimulate large muscle groups.
In this case, the two electrodes should
be of equal size and placed in such a
way as to cause the current to flow
longitudinally through as much of the
muscle as possible. The final position
of the electrodes will usually be deter-
mined by trial and error. For large
muscles such as the quadriceps fe-
moris, the electrodes may be 'made to
measure'. This ensures an even distri-
bution throughout the tissue and fa-
cilitates a stronger muscle contraction,
while maintaining a comfortable level
of stimulation. Small electrodes may
produce uncomfortable concentration
of the stimulation and may not achieve
a strong enough muscle contraction.
On the other hand, if the electrodes
are too large, the stimulation may be
comfortable but the current density
may be inadequate to produce a strong
Figure 5: Individual stimulation of the
extensor indicis muscle.
An 'active' or stimulating electrode is
placed over the motor point of the mus-
cle concerned. The 'non-treatment' or
indifferent pad is placed over the nerve
trunk, in this case the radial nerve as
it lies superficially in the spiral groove
of the humerus. In this situation, man-
ual surging is possible by simply lifting
the active electrode 'on' and 'off' the
muscle concerned. A premodulated
output in the range of 40 to 80Hz is
usually required, although higher beat
frequencies may be used. A variety of
'probe' type electrodes can be con-
nected to the output sockets of most
interferential generators.
muscle contraction. Figure 6 illustrates
this technique. A variety of types of
electrode are suitable for motor stimu-
lation of this type (Nelson et 0/1980).
When large muscle groups are stim-
ulated, the contraction will usually pro-
duce joint movement and this must be
controlled if damage is to be avoided.
In some cases, however, the associated
joint movement is useful and forms
part of the treatment goals. During the
rest periods, the limb must be pre-
vented from 'falling uncontrollably'
back to its starting position. Suitable
supports, eg pillow, may help to avoid
damage to the limb.
Level of Stimulation
The intensity level used in any par-
ticular treatment session will determine
to a large extent the strength of the
resultant muscle contractions. Low lev-
els of force production are required in
some circumstances, eg for spasticity
modulation and spasm reduction,
whereas much higher levels of force
production are needed to improve mus-
cle strength. Occasionally it may be
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stop the stimulation at any time by
switching the current off. Thus the pa-
tient is always in full control of the
level of contraction. With training,
most patients will experience an in-
crease in tolerance to electrical stimu-
lation.
Further descriptions and treatment
protocols can be found in De Domen-
ico (1985).
Conclusion
Pre-modulated interferential cur-
rents can be used to produce strong,
comfortable and efficient muscle con-
traction in the patient with normal in-
nervation. The technique is simple and
extremely effective in producing a
strong, well tolerated and versatile
stimulation. The clinical response and
uses of such stimulation may be sum-
marized as follows:
- Muscle re-education
- Prevention of disuse atrophy
- Increasing muscle strength and
endurance
- Reduction of muscle spasm
- Modulation of spasticity
Despite its present limitations, the
continuing advances being made in in-
terferential technology will ensure that
the next generation of stimulators will
include the facilities required to utilize
this technique to its fullest potential.
B
Figure 6: Stimulation of the quadriceps femoris muscle group.
In this technique, two electrodes have been designed to cover most of the important
areas of the muscle to be stimulated. The current pathway so produced causes a
strong, comfortable contraction and will produce full range joint movement, if the
knee is free to move. The electrodes were constructed from conventional electrode
alloy and sponge (Wettex) envelopes.
necessary to determine the maximum
tolerable contraction (M.T.C.) for a
particular patient. This may be readily
achieved when using the manual
switches or buttons. In this case the
switch or button is held by the patient.
As the therapist slowly increases the
intensity, a contraction will build. The
strength of this contraction can be con-
trolled by the patient since helshe can
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